Introduction
Evidence on whether people in shadow employment are there due to tax evasion reasons or because of the limited access to formal labour market -is thus far mixed. Consistent with the first view, people with informal employment are actually experiencing higher wages than their formally employed counterparts' ceteris paribus. Conversely, if barriers to access exist, one should expect "grey" wages to fall short of the "non-grey" ones, again, other things held equal. The empirical challenge lies not in the conceptualisation but rather in reliable implementation of the ceteris paribus device.
Additional context to this ambiguity is provided by the process of economic transition and/or development. In many of the theoretical frameworks shadow activity -be it wage-or self-employment -is frequently considered one of the transitory phases, sort of tipping the toe, Bennett and Estrin (2007) . On the other hand, research on developed economies seems to focus more on the potential adverse effects of the taxing schemes and discrimination/social exclusion, Kopczuk (2001) and Fugazza and Jacques (2004) . European transition economies and Poland among them are an interesting mixture of these two contexts. On the one hand, because of the transition heritage, they were and still are characterised by high shares of shadow economy in the GDP. On the other hand, the current estimates are roughly three times lower than in mid-1990s. According to the latest available survey, about 9.6% of the labour force are active in shadow economy 1 .
In this paper we use a set of 52 quarterly labour force surveys for the period 1995q1-2007q4. In each survey roughly 1-2% of the labour force reported having paid employment in the previous week despite being registered as unemployed. We apply propensity score matching to address the problem of considerable heterogeneity among regular and informal compensation -and workers. We demonstrate that characteristics of the informally employed resemble more the population of unemployed than that of the formally employed. Using this specific type of "grey" employees we sought "statistical twins" in each of the respective quarters for this very specific group. Subsequently, we have compared their self-reported earnings (both total wages and per hour compensations) among the two groups of "grey" and otherwise identical "non-grey" workers. Based on this data, we are able to identify the discrepancies in declared income for regular and this form of informal employment, while this differential is decomposable into a part attributable to the individual characteristics and a part attributable to informal employment.
The results suggest that with or without the correction for the heterogeneity -"grey" compensations behave procyclically. However, once the differences in productivity determinants are accounted for, the sign of the differential changes from relatively lower to relatively higher compensations. The differentials tend to increase in the periods of economy contraction. The evidence concerning the number of hours worked is mixed, but the differentials -if significant -tend to be small. It seems also that the access barriers are more influential in the bottom of the wages distribution.
The paper is structured as follows. Section 2 discusses relevant literature, especially the business cycle context of the informal employment studies. In section 3 we discuss in detail the nature of datasets, the informational properties of the wages at our disposal and the empirical method applied in this study. Results are reported in section 4. We performed numerous sensitivity checks of the findings, taking into account different potential causes of the formal labour market entry barriers. Finally, in section 5 we conclude and provide some constraints concerning the interpretation of these findings but also some relevant policy implications.
Literature review
The literature on the shadow economy is indeed surprisingly vast, if one considers how difficult it is to capture this phenomenon. First papers on this phenomenon developed simple definitions and basic statistical methods of measurement, Gutmann (1977) . Tanzi (1983) as well as Frey and Weck-Hanneman (1984) focused on more sophisticated methods of grey economy measurement. In the course of research on shadow economy more attention was paid to causes of shadow economy Johnson, Kaufmann and Zoido-Lobaton (1998) . In a widely cited paper, Schneider and Enste (2000) provide a comprehensive overview on definitions of underground economy, its size, causes, consequences and methods of measurement.
Interestingly, the literature which investigates the behaviour of shadow economy -or informal employment -during business cycle is also abundant. The traditional view states the labour market to be dualistic (formal and informal sector) with the informal being an inferior one. According to classical approach, the informal sector is in fact countercyclical: it expands during the downturns acting as an absorbent for increased unemployment, Fiess, Fugazza and Maloney (2007) . Busato and Chiarini (2004) propose a two sector DSGE model and calibrate it for Italy showing that shadow employment follows this predicted pattern of countercyclicality. This finding is also confirmed by Loayza and Rigolini (2006) , who take an extra mile to emphasise two stylised facts: (i) countries with larger unregistered employment are less countercyclical and (ii) in the long run higher informal employment is associated with the lower per capita GDP 2 .
2 It should be noted that a big part of the literature dealing with informal employment and business cycle analyses the case of Italy. This is an effect of abundant and high quality official data, i.e. long time series, provided by Italian Statistical Office (ISTAT).
An indirect proof of countercyclical properties of unregistered employment is offered by Boeri and Garibaldi (2002) . Using a search and matching model they show informal employment and unemployment to be two sides of the same coin. A reduction in the latter leads in this framework to a natural reduction in the former, as well. Repressing the informal sector causes unemployment to rise if measures providing alternatives to the unregistered employment are not implemented. Kolm and Larsen (2003) explore further the link the effect of repressions on a transmission between unemployment and shadow employment, demonstrating that intensified punishment leads to an increased wage demand in the informal sector. Consequently, lower wage demand in the formal sector occurs and as a consequence firms move from the informal sector to the formal one.
The hypothesis of countercyclical behaviour of informal employment is also confirmed by Carillo and Pugno (2004) . They propose a general equilibrium model with the aim of capturing underground activities. The model has two stable equilibria: a "good" equilibrium with numerous firms, high productivity and output; a "bad" equilibrium with the opposite features. Carillo and Pugno (2004) view this two-equilibria case as consistent with the empirical finding of countercyclical behaviour of unregistered labour.
Despite convincing evidence and conceptual framework advocating the countercyclical type of relationship, also a different picture -i.e. procyclical behaviour of informal employment -has been demonstrated in the literature. Bovi (2006) estimates a bivariate VAR using data on shadow employment in Italy released by the ISTAT. He demonstrates a significant positive correlation between unregistered employment and output which looses momentum as time passes. He also forcefully argues that this aggregate picture is an outcome of diversified sectoral patterns -some of which prove procylical, other countercyclical and in some cases no relationship may be pinned down. Consequently, there seems to be a huge complexity underlining the shadow employment. Chiarini and Marzano (2007) using the same data on unregistered employment but also data on tax evasion confirm the main findings of Bovi (2006) . Ihrig and Moe (2001) develop a simple partial equilibrium model of an agent's decision to work in the informal or formal sector. After estimating the model with the use of data for selected Asian countries they point to a negative correlation between GDP and informal employment and countercyclical behaviour of the latter one. Roca, Moreno and Sanchez (2001) introduce underground economy in a standard Real Business Cycle model and calibrate it for the US economy. Their main findings point to a negative relationship between the participation rate, underground economy and output fluctuations: low participation rate is associated with a bigger shadow economy and larger fluctuation in registered employment. Fiess et al. (2007) question the traditional view of a dualistic structure of the labour market and the segmentation into formal and informal employment. Estimating a two sector labour market model for Argentina, Brazil, Colombia and Mexico they show the informal and formal sector to be rather integrated as numerous periods show strong co-movement between relative sector sizes. In fact, there has been a growing body of evidence against viewing the informal sector as inferior, which corroborates the expectation that informal employment should behave procyclically. An extensive research project summarised in four forceful papers - Bosch and Maloney (2006) ; ; Bosch, Goni and Maloney (2007) and last but not least Bosch and Maloney (2008) -analyses explicitly the transition between sectors for various Latin American countries. These papers argue that: (i) transition into informality corresponds to more -and not less -to job-to-job transitions and also less disguised unemployment; (ii) flows from informal employment to formal employment and from formal employment to informal employment tend to be procyclical; (iii) as a consequence informal employment is countercyclical.
In the transition context, cross country studies show a much bigger size of shadow economy for Central and Eastern European countries (CEECs) than for established market economies of the EU15, Friedman, Johnson, Kaufmann and Zoido-Lobaton (2000) . While the size of underground economy for EU-15 is estimated on average to be 18-19% of GDP it is about 31-32% of GDP for CEECs, Schneider (2007) . Regarding unregistered employment in other CEE countries Renooy, Ivarsson, van der Wusten-Gritsai and Meijer (2004) conducted a study estimating its size from 9% of GDP in Estonia and Czech Republic to 30% of GDP in Bulgaria 3 , however the number of such analyses is still scarce. Poland was typically comprised in cross-country studies, while data usually originated from Central Statistical Office (CSO), which conducts biannual survey study on undeclared employment and shadow economy, Johnson et al. (1998 ), Schneider (2007 .
Summarising, there is a large body of empirical studies analysing the response of the informal sector to the cyclical character of output and registered employment. While the consensus has not been reached on whether the link is pro or countercyclical, the respective empirical studies have been convincing in arguing the direction of the link between the size of the informal sector and output fluctuations. On the other hand, these analyses face obvious shortcomings. First of all, focusing on the size of shadow economy and/or unofficial employment, they rarely provide any insights into the verification of the determinants of this phenomenon 4 . These models typically presuppose wage formation patterns in both sectors, as well as a universal response to the changing conditions -as argued already by Bovi (2006) this is not necessarily true at a sectoral level, while differences may appear also with respect to workers (e.g. educational attainment, gender, age or occupation). In this paper we inquire the actual changes in wages in the informal sector as opposed to the formally employed, ceteris paribus.
Secondly, there has been little effort so far to analyse the mechanisms through which the size of the "grey" economy has shrunk in transition countries. Encompassing the period of 1995q1-2007q4 permits observing the realised changes in incentives for employees in both sectors of the economy. Based on theoretical and conceptual prediction, the fluctuations differential between the formal and informal compensations should be linked to the changes in employment, GDP as well as institutional events (e.g. changes in minimum wage, alternative costs, etc.).
Thus, we complement the literature in two major ways. Firstly, using micro-level evidence 3 Research on the shadow economy in Poland is no different in this respect, while the first studies appeared even before the transition to the market economy. Bednarski, Kokoszczynski and Stopyra (1988) tried to measure its size, while already after the outbreak of transition Cassel, Jaworski, Kath, Kierczynski, Lutkowski and Paffenholz (1989) as well as Bednarski (1992) gave a detailed description of the shadow economy phenomenon. While this research coped predominantly with the consequences of centrally planned economy for the ways in which individuals exhibited economic activity, the comparability with analyses for the other countries, let alone Poland after the transformation is rather limited. The Institute for Market Research (1995) estimated that about 30% of adolescent Poles work in an undeclared fashion. 4 Kriz, Merikull, Paulus and Staehr (2008) discuss the determinants of employment in-the-shadow in Estonia using official, administrative data and surveys on "envelope wages". Gerxhani (2003) focuses on institutions and social networks as a factor explaining shadow economy in Albania.
we inquire the evolutions of differentials in compensations for formal and informal employees in a transition economy. Secondly we trace the effects of the business cycle fluctuations and the institutional changes on these differentials, analysing the behavioural responsiveness of the "grey" economy compensation schemes to the external changes.
Data and empirical strategy
Inquiring the nature of selection into "grey economy" requires the use of individual level data and indeed this is the approach followed in this paper. However, instead of using a single data set, i.e. one point in time survey, we use a complete set of consecutive labour force surveys (LFS) conducted by the Central Statistical Office over the period of 1995q1 to 2007q4. Because of the data limitations we analyse a specific category of "grey employees". Namely, all LFS interviewees report independently their labour market status (at the beginning of the questionnaire), but also whether they are registered as unemployed with the local labour office (in the last section of the questionnaire). Using consecutive labour force surveys we identify individuals who officially report unemployment status but at the same time declare wage employment and actual compensations. Over the analysed horizon there were 10 994 individuals identified as informally employed, for whom wage, demographic and educational characteristics were also available. Using propensity score matching we identify "statistical twins" of these "grey" workers. Naturally, this is "informal" employment -even if there is any form or written or oral contract with the employer, no social security contributions are paid and the individual voluntarily declares at the local labour office that (s)he has no employment and is actively seeking a job.
"Grey" workers as defined above do not exhaust the concept of informal employment. Typically, this wide category comprises also: (i) individuals for whom only part of the compensation is declared to the tax authorities 5 ; (ii) individuals who are officially inactive (not registered as unemployed) and obtain earned income; (iii) individuals who dispose of an official job and have an additional, informal source of earned income; (iv) individuals who run their own/family company, either without registration or not reporting the corporate revenues. Especially the "grey" self-employment has received a lot of attention from the researchers, Maloney (2004) . However, this subpopulation of the informally employed is particularly interesting for at least two reasons.
Firstly, although they are not receiving unemployment benefit 6 , they are allowed to apply for the social assistance 7 . Moreover, they entire family is automatically covered by the health insurance. Thus, the status of registered unemployed yields material -though frequently nonpecuniary -benefits.
On the other hand -and this is the second reason for which this group is particularly interestingregistering as unemployed despite having the ability to earn income, may be an indication of official 5 This form of tax evasion is only feasible from the employers' initiative, as reporting obligation relies on their shoulders. It is not known how frequent this form of "grey" economy is, but a recent survey by the Ministry of Labour and Social Affairs reports that roughly 1/3rd of the informal employment takes this form, Krynska, Bednarski, Walewski and Pater (2007) .
6 Majority of the Polish unemployed do not receive it, since entitlement expires 12 to 18 months after registration, depending on the relative unemployment rate in the region of residence. In our sample, on 10 994 individuals only 2 reported receiving an unemployment benefit. 7 This income support instrument is assigned based on the household equivalent revenue.
labour market entry barriers. Namely, families of all formally employed are covered by the health insurance, while social assistance is accessible to all poorer households fulfilling income conditions -not only the labour market status. Thus, informally working individuals officially registered as unemployed may actually be the ones who are more constrained in accessing the official labour market than those who function entirely in the shadow, e.g. working inactive or unregistered entrepreneurs.
Data
We use 52 consecutive labour force surveys. Each set contains roughly 50 000 individuals. Surveys are collected quarterly on a representative sample of adult individuals (as of 2002 also individuals with age below 15 years of age are included) while the non-systematic refusals to participate in the survey are compensated by the weighting scheme 8 . Both the data and the weights are provided by the Central Statistical Office. The datasets from pre-1997 do not contain information on wages for employed declaring part-time contracts, but as of 1997 all employees declare wage income. Analysing the aggregate evolutions, Figure 1 , there seems to be a clear co-movement between formal and informal employment, as suggested in general in the literature. All of the shares in the upper left panel of Figure 1 are expressed in % of the labour force, which implies that the changes in these rates can be directly compared. The size of the informal sector decreases together with the formal sector, which would be consistent with the view emphasising the procyclical nature of the "grey" evolutions. However, this perception is based mainly on the profound labour market contraction between 1999 and 2005 9 . Over this horizon the unemployment doubled reaching nearly 23% towards the end of 2003. If the evolutions in the beginning and towards the end of the sample are concerned, it seems that post 2006 growth in wage employment has been associated with decrease in informal employment. On the other hand, the employment growth from mid 1990s is has been associated with historically highest size of the "grey" employment. The period covered by this study -at the most 52 quarterly observations -is too short to permit time series approach, but the diverging patterns of relationship between GDP already raise questions about the determinant of these dynamics. Figure 1 depicts the evolution of the basic demographic and educational characteristics of the "grey" workers as opposed to the other participants of the labour force. Clearly, the characteristics of the Polish informal employees do not seem to deviate from what has been already found in the literature for the other countries. They tend to be younger than the formal wage earners. While they less frequently are female, they seem to have also slightly lower educational attainments than the employees. As of 2001 there is a clear change in the trend in tertiary or higher education, which is associated with the educational boom experienced by Poland. While prior to the boom the "grey" workers were slightly less frequently university graduates than the wage employed, the dramatic increase in tertiary enrolment seems to have equalised the initial differential.
Thirteen years of data cover both the up-and downturns in the economy and in the labour market, which might have affected the propensity -and opportunities -of individuals employed in the informal sector. Indeed, the unemployment rate varied between 8% and 21% based on the LFS (10% and 23% based on the registries). Also, this period captures the final stage of the transition from a centrally planned to a market economy, which implies that except for temporary swings; also longer term trends could be observed. Both the share of the informally employed in the labour force and their characteristics have witnessed considerable changes throughout this period, Figure 1 .
Observing the data one can state that, while the overall trend concerning the increase in educational attainment is evident throughout the economy in general, the pace of this process among the "grey" workers has been initially smaller, with tertiary attainment picking up only as of 2001. Simi-larly, the ageing of the economically active population in general is slower than for the "grey" workers. These characteristics already suggest that there is some systematic selectivity into informal employment accounted for by the basic observables like the demographics or education. Consequently, our empirical strategy has to address this non-randomness.
Data on wages
Labour force surveys provide self-reported net values of wages on the main job (interviewee decides which of his possibly many jobs is the main one). Until the end of 1997, only full-time employees (self-reported) reported the wages, whereas in the reminder of the time span all employees reported net wages 10 . Both formally and informally employed reply to the same question, since the interviewers do not recognise those who declare registered unemployed status and contemporaneous wage employment as informal workers 11 .
Along with the self-reported net wage revenues, interviewees report also the number of hours worked on this job. Here too, they may refuse to do so, while the number of individuals unable to provide an answer is extremely high in the context of this study -data for roughly 30% of the "grey" individuals is missing or inadequate 12 . Consequently, relying on hourly wage would eliminate a large part of the sample from the analysis.
In Poland, for all wage employed, social security and tax contributions are born roughly symmetrically by the employer and the employee. On the other hand, these liabilities are typically subtracted from the gross wage by the employer and paid to the authorities 13 . Thus, practically the whole effective tax burden lies on the employers. While it is not immediately obvious compare the net earnings in the formal and informal sector is adequate, with this institutional design of tax and social security contributions it seems grounded 14 .
Summarising, whenever we report wages in the reminder of this paper, we refer to self-reported net wage for the full-time employees (to permit comparability across datasets). Hourly wage is computed as a ratio between self-reported net wage and self-reported number of hours worked for both part-time and full-time employees across the whole analysed period of time 15 . We also test for the differences in the average number of hours worked by the officially and unofficially employed, without any corrections on the reported hour values.
10 Interviewees may refuse to reply to this question or answer "I don't know". In such cases the answer is coded separately. It is typical in the labour force surveys that interviewees round up the actual values of earnings, yielding in distributions with multiple local peaks.
11 Every two to four years Central Statistical Office performs an independent analysis of the shadow economy, with separate drawing scheme and survey. These data are not made available for research. 12 Except for missing observations, also answers considerably exceeding the 40 hours per week norm are troublesome for the researcher. While the answer of 170 hours is probably relevant for monthly -not weekly -status quo, many of the less extreme cases remain uninterpretable.
13 Once the annual tax forms are submitted, if too much contributions were subtracted by the employer -revenues are returned to the workers. 14 Part of the foregone social security contributions would have been transferred to the individualised pension accounts for individuals born after 1969, which is a consequence of the pension reform introduced in 1999. However, although there are not rigorous studies on the subject, it seems that the recognition of this fact is rather low, especially among lower skilled. 15 For the pre-1997 datasets wages for only full time employees are available.
Empirical strategy
Following the recent literature developments, we approach the issue of formal and informal compensations by the use propensity score matching. This technique allows evaluating to what extent "grey" workers (i) experience return to observable characteristics is different on formal or informal labour market or (ii) suffer from unequal treatment with respect to their individual characteristics by the employers. These methods provide proxies to verify whether shadow employment effectively increases the potential benefits for the individuals or posits the only available opportunity of guaranteeing wage income. The chosen technique corresponds to certain ex ante beliefs about the nature of the nonrandomness and unobserved heterogeneity. Namely, discrimination on the labour market can be defined to exist, if the actual mean earnings of members of specific groups are not identical to the mean which would be observed in a perfectly functioning labour market, without discrimination. In principle, if one applies Oaxaca (1973 )-Blinder (1973 and Juhn, Murphy and Pierce (1993) decompositions on a Heckman (1979) corrected Mincerian wage equation should allow to find the size and direction of discrimination conditional on the assumption that non-random selection is the only source of potential earnings differential. Alternatively, the opposite ex ante belief about the nature of the unobserved heterogeneity may hold. Namely, if the selection into "grey" economy was random conditionally on some individual characteristics, decomposition techniques even with the Heckman (1979) correction would not necessarily bring about correct results. Consequently, one would not be able to use selection equation correction as reliable counter factual in the second stage equation of the compensation, Rosenbaum and Rubin (1983) , Heckman, Ichimura and Todd (1997) , . Especially, if the at any stage the equation parameters are not statistically significant or robust -the decomposition can actually produce false findings.
The solution to this shortcoming of the parametric techniques is brought about by the propensity score matching. Relying on non-parametric estimates one is able to "create" the counter factual, i.e. correct the calculations for the effect of choosing among the control group only those who "match" (are similar) the observed characteristics to the analysed group. By using the property of randomness within the matched groups, one is able to evaluate the average effect of a particular phenomenon (in this case: shadow employment wages) with respect to a reasonable benchmark. The quality of benchmark can actually be statistically verified via the post-matching balancing properties tests. Rosenbaum and Rubin (1983) 16 .
The critical element in propensity score matching lies in the conditional independence assumption construct 17 . With propensity score matching, the quality of estimation depends much on the data availability. In the case of this study, the pool for matching (the size of the control sample in the relation to the size of the analysed sample) is relatively large, so there is no need for imposing sampling with replacement. The algorithm will thus freely seek "twins", maximising the resemblance between the treated and matched controls groups without additional constraints.
16 Caliendo and Kopeinig (2008) discuss in detail recent development as well as guide through the process of adequate construct of this approach.
17 In other words, for the reliability of the results it is important that the selection is solely based on observed characteristics and that all variables that influence belonging to the shadow economy and potential earnings are simultaneously observed. In practice it implies that there should be no other sources of systematic (i) selection and (ii) outcome.
We apply kernel estimates of propensity scores with the kernel nearest neighbour matching, following Heckman, Ichimura, Smith and Todd (1998) 18 . We perform two types of analyses. The first one pools the observations from all quarterly datasets comparing and employs kernel nearest neighbour matching and additional stratification (Mahalonobis metric) based on the quarter of analysis. The stratification permits seeking the "statistical twins" in adjacent quarters, which is justifiable with datasets of such high frequency. As a consequence, statistical quality of matching may be enhanced. Such pooled results obviously do not permit time-dependant analysis, but give a broader view on the dominant character of the wage differential.
In the second approach -our preferred and elaborated more exhaustively in the empirical section -performs matching on a quarter-by-quarter basis. Here too kernel nearest neighbour matching is implemented. With the relative magnitudes of the samples (typically less than 500 individuals characterised as treated and over 20 000 pool of potential "twins") the re-weighting instead of oversampling guarantees best statistical performance, Caliendo and Kopeinig (2008) .
Although the set of variables is limited in this study, it comprises majority of the preferred determinants: age, gender, marital status, education, residence, occupation and industry are all accounted for (including the relevant interactions) 19 .
• Age is a continuous variable expressing the age of individual at the moment of survey in years.
• Gender is coded to take the value of 1 for women.
• Education is a categorical variable with levels: elementary or lower; vocational, secondary vocational, secondary, tertiary or higher 20 .
• Martial status has separate coding for singles (reference level), married, divorced/separated or widowed 21 .
• Residence is a categorical variable too 22 .
Since the rapid urbanisation associated with the brain drain is characteristic for the internal flows and educational patterns over the past two decades, we include additionally interaction terms for highly educated inhabitants of large cities and those who live in the rural areas and are characterised by elementary or lower education. We also include the interaction of gender with age and with tertiary education.
18 Alternatively, we could have used the oversampling technique. However, the choice of the over sampling magnitude is always arbitrary, while ten-or twenty-fold oversampling (as feasible in our sample) does not differ from the kernel approach in terms of statistical quality. Oversampling or sampling without replacement produced results qualitatively the same and quantitatively similar. 19 We believe that relying on demographics (gender and age) as well as education and individual incentives (marital status) may be sufficient for the stability of propensity score matching approach and conformity with the conditional independence assumption. We verify this approach empirically by the use of t-tests, as suggested by Rosenbaum and Rubin (1983) . 20 Some of the respective surveys comprised more categories, but for the sake of consistency between the quarters this is the most detailed categorisation. 21 LFS does not contain information on whether an interviewee has children and/or other dependants. 22 The strata include: rural areas, towns under 2 thou inhabitants, towns under 5 thou inhabitants, towns under 10 thou inhabitants, towns under 20 thou inhabitants, towns under 50 thou inhabitants, cities under 100 thou inhabitants, cities above 100 thou inhabitants. 
Results
This section reports the outcomes of the propensity score estimation applied to wages, hourly wages and number of hours worked for the formally and informally employed in Poland. We report the following results: (i) estimation properties and outcomes on pooled data; (ii) quarterly estimations for all observations; (iii) quarterly estimations taking into account potential heterogeneity along the wages distribution; (iv) quarterly estimations taking into account potential heterogeneity depending on physical barriers to participate in the labour market. The quarterly sample sizes and the synthetic balancing properties of all the estimations and are reported in the appendix 23 . Results reported in Table 1 confirm the initial conviction that actually the compensations of formally and informally employed differ. This assertion is confirmed by the statistical significance of the wages differential. Interestingly, when we compare pre and post-matching differential, the value is reduced by roughly a half. This suggests that approximately 50% of the net observed differential may be attributable to slightly lower endowments in terms of productivity determinants, while the remaining 50% follows from different compensating schemes in the formal and informal sectors. It also seems that informally employed work slightly shorter hours their formally employed counterparts. Here, the size of the differential changes between pre-and post-matching, which may suggest that some of the informal jobs are concentrated in general in occupations were working times are longer, but the informally employed tend to work less.
Nonetheless, we are reluctant to interpret these findings. Namely, the nominal wages have grown considerably over the analysed horizon. Also the characteristics of both working populations have undergone many structural changes, as depicted in Figure 1 . Consequently, although the stratification made sure that only individuals from adjacent quarters were matched (i.e. matching quality is good), the mean computed on this sample is meaningless for wages due to the nonstationary character of this variable. Thus, we move to analysing the time evolution of the wage and hours differentials. Each of the figures depicts as continuous line (right scale) the evolution for the informal sector -be it wages, hourly wages or the number of hours worked. The left scale reports the size of the differential (expressed as % of the mean value recorded on the right axis). These differentials are only report if they were statistically significant. Red dots signify post-matching differential and green stand for the pre-matching ones, both as % of the mean in the informal sector. Lack of dot for a particular point in time is equivalent to the insignificance of the differential 24 .
Analysing the graphs the attention will be focused on two main factors. First, the evolutions of differentials will be viewed through the prism of cyclical and unemployment fluctuations. Secondly, the moments of institutional changes (e.g. revisions of the minimum wage or social assistance benefits) will be identified 25 .
Overall, the findings point to a procyclical behaviour of the wage and the hourly wage in informal economy, Figure 4 . This would be in line with the more recent approach in literature, Fiess et al. (2007) , as discussed earlier in the paper. It is hard to judge on the cyclical behaviour of hours worked in shadow economy: they sharply decline during the economic downturn of 2001 but later move around an average of 39 hours. The differential in wages between formally and informally employed is negative before matching -it seems that "grey" workers earn less. However, after matching the differential turns out to be positive and points to consistently higher wages for informally employed as compared to the statistical "twins" in the formal economy. Also, roughly the same relative size of the differential should be noted: it is around 40-60% of the informal wage before and after matching. Similar conclusions can be drawn for hourly wages: the difference before matching is negative and of different size than the difference after matching which is in favour of the informally employed and of fairly stable relative magnitude over the entire horizon of the analysis.
Since the relative size of the differential is stable, the cyclical behaviour of the differential is the same as that of wages or hourly wages -it tends to be procyclical as wages, but the growth rates is the roughly the same as that of compensations. An interpretation of the differential for hours 24 We have universally imposed 5% threshhold for evaluating the significance of the pre-and post-matching differentials.
25 Regarding the dependence between informal employment and minimum wage Loayza (1994) motivated by the behaviour of informal sector in Latin American countries constructs a model for an isolated urban economy showing that a too high minimum wage will cause all firms to be informal. Therefore a minimum wage above market levels will induce the formation of an informal sector. However, Doaldo, Karamarz, Machin, Manning, Margolis and Teulings (1996) underline that the effects (good and bad) of minimum wages are exaggerated. Empirical analysis for some European countries shows mixed evidence of the effect of minimum wage on employment: higher minimum wages reduce employment in some cases (particularly for young workers) and raise it in others (particularly for total employment). is rather impossible due to the fact of insignificance of a large part of the differentials. However it should be noted that in the period before the 3rd quarter of 2001 the differential points to a larger amount of hours for the informally employed whereas the differential after matching shows less hours for them. This phenomenon is reversed after the 3rd quarter 2001: informally employed work more hours than their statistical twins. The procyclical evolution of the differential for matched individuals over time points to some important conclusions about the nature of compensation schemes in formal and informal economy. Namely, it seems that larger increase in formal wages creates room for raising also the informal compensations contemporaneously. Only large, unexpected swings seem to be associated with the growing discrepancies (the differential increases during downturns -i.e. 3rd quarter of 2000, 2nd quarter of 2002 -and decreases slightly with the economy expansion, as of i.e. 2005q2).
The patterns of informal wages and differential evolutions seem to be rather associated with the GDP fluctuations than with the unemployment movement. The lowering of GDP growth rates covered the period 2000-2002 whereas the the labour market contraction lasted from 1999 to 2005, Figure  5 in the Appendix. While this finding may seem puzzling, since we analyse informal employmentthe analysis focuses on compensations patterns and not the size of unregistered employment. Thus, the results are not at odds with the expectations posed by both strands of theoretical research 26 . While this is not a major concern for our research as we focus on wages in informal economy and not on the size of it -the finding suggests that the population used in this study definitely does not exhaust quantitatively the employment in the shadow economy.
Regarding the influence of minimum wage on informal wages it is hard to see any effects for the entire analysis horizon. There are two explanations for this finding. First, the increments in minimum wage were rather small ranging from about 5% to 10% nominally from year to year between 1996 and 2007. Therefore they had negligible effect on the wages in general, including the ones in the informal sector 27 . The other explanation stems from the fact that the minimum wage has not 26 The size of informal employment -as defined in this paper -in the labour force has been presented in Figure 1 .
However, we would be reluctant to derive absolute instead of relative measures from this data. The weighting scheme applied by the Central Statistical Office is reliable for the whole survey, roughly 50 thou individuals. "Grey" workers, as identified in this study, amount to roughly 500 individuals in each sample, which makes the computation of aggregate stocks questionable. Please note that the shortcomings of CSO weights for this small population do not undermine the validity of propensity score matching. Namely, PSM in the version applied produces it's own weights for the treatment and the comparison groups. These weights do not serve the purpose of assuring objective representativeness, but the representativeness within the control group with respect to the treatment group.
27 A large increase in the minimal wage by 20% was announced in mid 2007 to take place from the beginning of been binding over the analysed horizon in the formal sector 28 . Finally, as far as the institutional framework is concerned, there have been considerable changes in the labour code regulations regarding subcontracting and compliance with employment regulations. Namely, it was said to be frequent that the employers would "push" employees into self-employment as subcontracting implied lower tax wedge and social security contributions than a standard employment agreement of the same net value. As of 2006 the changes in the legislation increased the punishment for the employers for such practices and controls were intensified. There were also minor changes in the legislation concerning the unemployment benefits and eligibility conditions. However, from observing the evolutions for the whole population it seems that none of the hikes or sudden drops in informal wages can be pinned down to these changes. Thus, we move further to inquire if there could be some distributional effects, whose occurrence could be blurred when analysing the whole population.
To address the potential heterogeneity in the behaviour of outcome variables along the wages distribution, we split the sample with reference to median wages, Figure 4 . Estimation procedure was the same, but matching was performed separately for "grey" earnings above and below median. The obtained results point to two conclusions: (i) below median differences are more frequently statistically significant than the above median differences; (ii) while the above median relative differential seems to be stable across time, for workers with lower compensations there is a clear increase -firstly occurring in the period of GDP and labour market contraction, but subsequently picking up as of 2005q3, which is a period of both relatively high GDP growth and gradual labour market improvement. Conclusions are different for the hourly wages. Namely, below median relative differential is stable across cycle. Note also, that the period of most rapid unemployment growth is associated with insignificance of the differentials. While this effect may be a statistical artefact, it may also indicate that massive unemployment increases raise demand for informal employment from the side of employees, which pulls down the wages offered by the employers. On the other hand, the above 2008. This announcement could have a strong influence on informal wages which is clearly visible in the data: a large increase in informal wage is observed for the 3rd and 4th quarter of 2007. However this period was also marked by visible increase in formal wages which can also affect the informal wage.
28 Many compensations and compensation limits are benchmarked to the minimum wage, which makes it a relevant reference point for the employers, employees and the government. However, in our study this indirect effect is nondetectable, as it concerns contributions of the employers to the employees social fund or the limits on pecuniary and nonpecuniary benefits for the employees for the tax purposes.
median hourly compensation show high variability and suggest a weak but procyclical behaviour of the post-matching relative differential. In this sense, below median earnings behave similarly to the whole sample, which is depicted in the right panels of Figure 4 and 4. However, the above median earnings show a puzzling story of both higher variability and cyclically growing differentials. Hours worked for the below subsample exhibit similar behaviour as for the total sample: they sharply decline during the downturn of 2001 and latter move around an average of about 37 hours. For the above median subsample the number of hours worked is much larger in absolute values exceeding over 50 hours in some periods. It also behaves differently in time pointing to a rather coutercyclical behaviour in some periods. An interesting result is obtained for the numbers of hours worked in the above median subsample: informally employed work less than their statistical twins in the formal economy contrary to the below the median and the whole sample 29 .
The distribution of wages was considered with the rationale that maybe the effects are different for the lower and upper bottom of the distribution. This rationale was confirmed, but the reasons for such findings may in fact again be dual: labour market segmentation or strong effect of asymmetric tax wedge. Thus, we have selected to ask the same question but splitting the sample in a away that could allow to somehow capture potential access barriers. We have used the size of residence with the following rationale: in larger metropolies the costs associated with changing employment are lower and seeking a formal alternative for an informal offer from a local employer is easier. In smaller towns, locally choice is more constrained while the costs of moving to another town may in fact be considerable. Thus, we have identified large cities (above 100 thou inhabitants) and small town (below 10 inhabitants) with rural areas as two subsamples in the analysis 30 . Indeed, in metropolies wages and hourly wages for informally employed behave strongly procyclically, whereas in the smaller residences they are considerably lower and tend to have weakly acyclical patterns, Figure 4 . On the other hand, the differentials are more variable and also more cyclical for the large cities, though the effect seems to be shifted in time from the period of GDP 29 Recall that the information on hours worked is missing or inconsistent in roughly 25-30% of the cases, which undermines the statistical quality of these findings. For this reason, we restrain from providing economic interpretation of this result.
30 It should be noted that -unlike the analysis along the wage distribution -we are not "splitting" the sample in this analysis, but selecting two subsamples, while part of the observations (neither metropolies nor smaller locations) was not included in the analyses. Accordingly, roughly 15-25% of the sample was not used in this analysis.
slowdown towards unemployment hike 31 . The sharp decline in the numbers of hours worked during the downturn in 2001 is similar to the cases discussed above, but the decreasing trend for smaller towns and rural areas is a novelty, suggesting lowering labour supply in the informal economy for this particular subsample. The results for the smaller towns and rural areas seem to suggest also a divergence in the size of pre-and post-matching relative differentials for the hourly wages. Informally employed when compared to the statistical twins from the formal economy -earn more and this tendency grows over time 32 . The differentials seem to show no cyclical properties in the peripheral areas.
The results of our analyses indicate consistently higher wages for informally employed when compared to the formally employed "statistical twins" for the whole sample as well as for various subsamples. The consistently higher wage for informally employed can serve as evidence for the tax evasion hypothesis: individuals engage into shadow economy because they receive higher earnings when compared to formal employment. This result can serve as an advice for policy makers to focus on a reduction in taxes and social security contributions when facing the problem of a reduction in shadow economy.
The results also point to the procyclical behaviour of informal wages which is in line with the recent literature, Bovi (2006) , Busato and Chiarini (2004), or Fiess et al. (2007) . However, the procyclical properties of the wages seem to suggest that the informal sector co-exists with the formal economy, responding similarly to GDP fluctuations. However, some distributional effects -mainly concerning the workers with below median wages and those inhabiting the more peripheral areassuggest that in-the-shadow employment may not necessarily be a matter of individual choice, but rather the only available alternative.
Conclusions
Individuals without employment are in a very difficult situation -especially in transition countries, where benefit systems are of less generosity while activisation policies of lower coverage than in the mature market economies, especially in Europe. The main question we attempt to address answer the question whether workers in-the-shadow would potentially earn higher after-tax income in formal sector (thus they participate in the informal sector for the lack of better alternatives) or would it be lower (suggesting tax evasion reasons 33 ). We use 52 consecutive labour force surveys for Poland covering the period of 1995q1-2007q4 and apply propensity score matching to obtain 31 This effect is an outcome of the distinguishing characteristics of informal employment -as defined in this paperin the metropolies. Namely, the two types of informal employment dominate in the metropolies. Individuals officially unemployed in periphery locations temporarily come to metropolies seeking the opportunities to earn income in (i) the construction sector (especially renovations and individual constructions); and (ii) providing household services. While the demand for latter will be lower in the periods of high unemployment, the supply of the former should intensify over the economic slowdown, thus suppressing the wages in the initial stage. Since unemployment typically rebounces sooner in the metropolies, the demand for both types of services starts growing faster than the observable improvement in the unemployment rate.
32 As in previous cases, due to a large number of insignificant differentials it is hard to draw conclusion for the number of hours worked. 33 Please note, that this is equivalent to individual with certain before tax earnings potential in both sectors choosing the informal sector because of higher after tax earnings.
reliable estimates of the counterfactual formal wages for the "grey" employees. To the best of our knowledge, both the application of the propensity score matching and such use of large consecutive data sets is unique in the literature of the field. The feasible identification of the unregistered employees narrowed the definition of the shadow employment in this paper to those who officially report unemployment but have a constant job (as defined by ILO) and earned wage income. We could not include the self-employed in the analysis as the data sets report no data on income for the self-employed. Neither could we comprise in the estimations officially inactive individuals who would nonetheless work informally. Consequently, we analyse a specific but at the same time crucial sub-group of the unregistered employees.
We find that in fact "grey" workers are paid more than the "statistical twins". This finding is not surprising, since in terms of education, age and gender the "grey" workers are fairly similar to the population of the unemployed, which suggests that their employment odds are relatively lower in general, while tax wedge relatively higher. Consequently, labour demand curve may in fact be more elastic in the bottom of the distribution, making tax evasion opportunities very powerful incentives encouraging the avoidance of formalising employment contract. On the other hand, when distributional effects were explicitly accounted for, over the lower half of the wages distribution we find evidence that less earning workers located in smaller towns or rural areas may in fact be informally employed for the lack of alternatives.
Analysing the cyclical properties of the wages paid by the shadow economy as well as the differentials between unmatched and matched formal compensations, we find that procyclical behaviour of wages and hourly wages in shadow economy keeps fairly the same pace as compensations in the formal sector. We identify important exceptions of weak acyclicality and interpret them as evidence of entry barriers. The evidence concerning the number of hours worked is rather mixed but the differentials -if significant -tend to be small indicating a slightly larger number of hours worked by the "grey" employees.
These results can underpin some important policy implications concerning the role of tax incentives in pushing those willing to work into shadow. The differential in the wage of informally employed and the statistical "twins" is quite large (roughly 40% to 60%), but in fact its magnitude coincides with the effective tax and social security contributions burden that would have been born by the employers, had they formalised and registered these contracts.
There are some interpretational limitations of this study, though. Firstly, LFS is not a reliable source for estimating the absolute size of informal employment. Thus, we are not analysing if the GDP or unemployment fluctuations have affected significantly the quantity of labour supplied and demanded informally. Secondly, the profound nature and the long-term effects of informality exhibits through the trajectories of the workers and the self-employed. Such analyses are rarely feasible for the reasons of data availability, but studies like this should be treated with adequate caution. In each estimation of the propensity score 38 variables were included. In some cases -percentage depicted above -the post-matching test for means equality reported significance rejection of the null hypothesis. Visibly, only total sample and above median sample can be considered troublesome, while even in these cases the number of variables vis-a-vis which the balancing was not obtained is as low as 4 to 8 variables in the majority of the quarters. Detailed logs available upon request.
